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THE EFFECT OF LEADING-EDGE EXTENSIONS ON THE LONGITUDINAL
- CHARACTERISTICS AT MACH NUMBERS UP TO 0.92 OF A WING-
FUSELAGE~TATT, COMBINATION HAVING A 40° SWEPTBACK

WING WITH NACA 64A THICKNESS DISTRIBUTION

By Fred B. Sutton
SUMMARY L

A wind=tunnel investigation has been conducted to determine the
effects of leading-edge extensions upon the longitudinsl chsracteristics
of & wing-fuselage and wing~fuselage~tail combination having a wing with
40° of sweepback and NACA 64A thickness distribution. The tests were made °
at a Mach number of 0.25 and & Reynolds number of 8 million and at Mach
numbers varylng from 0.25 to 0.92 at a Reynolds number of 2 million.

The addition of the.leading-edge extension from 0.60 semispan to the
wing tip eliminated large changes in longltudinel stability of the wing-
fuselage-tail combinstion up to 1ift coefficlents in excess of 1.0 at low
speeds and resulted in slight increases in the 1ift coefficients at which
. large changes in stability occurred at high suberitical and supercritical
speeds. In this regard, the chord extension was not so effective as the
best combinstion of wing fences previously tested on this wing. The chord
extension did not decrease the trim lift-drag ratios of the wing-fuselage-
tall combination at high subcriltical speeds and Increased them slightly
&t supercritical speeds, whereas the fences causefl about an 8-percent
decrease in lift-drag ratic at Mech numbers from 0.70 to 0.86. As was
the case with the wing fences, addition of the chord exteneion had only
small effect on the Mach number for drag divergence. The leading-edge
extensions had little effect on the tail contributlon to stability at low
speed and up to moderate 1ift coefficients at high speed.

INTRODUCTION

An investligation has been made in the Ames 1l2~foot pressure wind
tunnel to determine the longitudinal characteristics of wings suiteble for
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long~range elrplanes capable of moderately high subsonlc speeds. Two
twisted and cambered wings of relatively high aspect ratilo, one having
NACA four-digit and the other having NACA 6L4A thickness distribution, have
been investigated with 40°, 45°, and 50° of sweepback, and the results-
are presented in reference l. ALl of these wings experienced a severe
decreade In longitudinal stability at moderate 1ift coefflclents due to
flow separation on ‘the outer portions of the span. The results in refer-
ences 2 and 3 show that the stabllity characteristice of these wings could
be improved considerably by the use of multiple chordwise fences; however,
the additlion of fences resulted in moderate increases in-drag for low to
moderate Lift coefficients at high subsonic speeds.

: The present phase of the investlgation was made to determine whether
leading-edge extensioms would improve the longltudinal stabllity character-
istics of the wing with NACA 6LA thickness distribution without the drag
penalties assoclated with the fences. The wing with 4o of sweepback was
tested in combination with a fuselage and with leading-edge extensions
which were varied in spenwise extent. A comparison is made herein of the
effect oun the longitudinal characteristics of the model of a leading-edge
extension and of the best arrangement of fences found in the investigation
reported in reference-3., The wing-fuselage combination with a leading-edge
extenglon was slso tested with an all-movable horizontal tail to determine
the effect of the leading~edge extension on the contributlion of the tail

to static~longitudinal stability and on the control effectiveness of the
tall.

NOTATION

All wing areas and dimenslons used in the notation refer to the
unmodified wing. o

b2
A agpect ratio, =
a mean~line designation, fraction of chord over which design load
1s uniform .
at lift-curve-q;OPe of the isolated horlzontal tgil, pexr deg
8yr+Ff lifbt=curve slope bf the wing~fuselage combination, per deg

Byr+f+t lift-curve slope of thg wing-fuselage-tall combination, per deg

% wing semispan perpendicular to the plane of symmetry
. R~ drag
Cp d?ag Qqeffiqient,_-?ﬁg-.
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1ift coefficient, i%gi

pltching-moment coefficient sbout the quarter point of the wing

mean aerodynamic chord, Eitchizgsmoment

local chord parallel to the plane of symmetry
local chord perpendicular to the wing sweep exis

b/2 .
JF c2dy -

Q

b/a
[T
(e}

section desigh 1ift coefflicient

mean gerodynasmic chord,

incidence of the horizontal tail with respect to the wing root
chord

lift-drag ratio

free~stream Mach number

free-sgtream dypamic pressure

Reynolds number based on the wing mean aerodynamic chord
area of semispan wing

area of semispan horlzontal tail

waximum thilckness of section

lateral distance from the plane of symmetry

angle of attack, measured wilith respect to a reference plane
through the leading edge and root chord of the wing

angle of attack of the isolated horizontal tail
effective average downwash angle

angle of twist, the angle between the local wing chord and the
reference plane through the leading edge and the root chord of
the wing (positive for washin and measured in planes parallel
to the plane of symmetry)

R
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n fraction of wing semispan, E%ﬁ

horizontal tall when mounted on the fuselage in the flew
field of the wing to the lift-curve slope of the 1solated
horizontal teil)

ﬂt(%%) tail efficiency factor (ratio of the lift-curve slope of the

Subscripts
f fuselage
t horizontal tall
v wing
MODEL

The wing-fuselage and wing-fuselage-tall combinations (fig. 1(a))
émployed the twisted and cambered wing of reference 1 having the NACA 6hA
thickness distribution. For the umnmodified wing, this distribution of
thickness was combined wilth en 'a = 0.8 modified mean line having an ideal
11ft coefficient of 0.4 to form the sections perpendicular to the quarter-
chord line of the unswept wing panel. The thickness-chord ratlos of these

sections varied from 1k percent at the root to 11 percent at the tip.

The chords of the leading-edge extensions were a congtant percentage
of the original chords and the extensions extended from either 45 percent
of the span to the wing tip or from 60 percent of the apan to- the wing tip.
The coordinates of the extensions were obtained by extending the wing sec~-
tions perpendicular to the wing sweep axis forward 15 percent and modifying
the mean line and thickness distributlon of the sections as shown Iin
figure 1(b). The extemsions faired into_the original wing at approximately
40 percent of the chord and were simllar to the forwsrd part of the origil-
nal sectlon except for reduced thickness ratlo and nose radil. The reduce
tions in nose radii amounted to approximately 23 percent. The imner faces
of the extensions were psrallel to the free stream and the extensions
increased the wing area by elther 4.6 or 6.3 percent.

: The wing was constructed ‘of solid steel and the surfaces were pol-
ished Bmooth. The leading-edge extensions were constructed of steel
plates covered with a tin~bismuth alloy contoured to the desired section.
For this investigation the angle of sweepback of the quarter-chord line
of the unmodified wing was 40° and the aspect ratio of the ummodified wing

wes 7.0.
SN
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Twist was introduced by rotating the streamwlse sections of the wing with
Lo® of sweepback about the original leading edge while malntaining the
untwisted projected plan form. The veriations of twist and thickmess ratio
along the semispan of the ummodified wing are shown in figure 1(ec).

The fuselage employed for these testes consisted of a cylindrical mid-
section with simple fairings fore and aft. Coordinates of the fuselage are
listed in table I. The fuselage had a fineness ratio of 12.6 and was
located with respect to the wing, so that the upper surface of the wing
was nearly tangent to the top of the fuselage at the plane of symmetry.

The angle of incldence of the wing root with respect to the fuselage center
line was 3°. The fuselage shell was constructed of aluminum and was stiff-
ened with a heavy steel structural member.

The all-movable horizontel tail had an aspect ratio of 3.0, a taper
ratio of 0.5 and 40° of sweepback. The axis about which the incidence of
the horizontal taill was varied was at 53.4 percent of the tall root chord.
This hinge axis was at the intersectlon of the fuselage center line and
the plane of the wing root chord (see fig. 1(a)). The tail was constructed
of solid steel and the surfaces were polished smooth.

Flgure 2 shows photographs of the model mounted in the wind tunnel
and one of the leading-~edge extensions. The turnteble upon which the model
was mounted is directly connected to the balance system.

CORRECTIONS TO DATA

The data have been corrected for constriction effects due to the
presence of the tunnel walls by the method of reference 4, for tunnel-
wall interference originating from 1ift on the model by the method of
reference 5, and for drag tares caused by aerodynamic forces on the turn-
table upon which the model was mounted.

The corrections to dynamic pressure, Mach number, eangle of attack,
drag coefficient, and to pitching-moment coefficient were the same as
those used for references 2 and 3 and are listed in table II.

RESULTS AND DISCUSSION

Tesgts were conducted to determine the longitudinal characteristics
of the wing-fuselage combination with leading-~edge chord extensions from
0.45 semispan to the wing tip and from 0.60 semispan to the wing tip. The
results of these tests are shown in figures 3 through 10. Results of
tests of the wing-fuselage-tail combination with wing leéading-edge chord
extensions are presented in figures 11 through 18.

el
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- Wing=Fuselage Combinatlon

Figure 3 shows the effect of the leading~edge chord extensione on
the longltudinal characteristics of the wing-fuselage combination at a
Mach number of 0.25 and a Reynolds mumber of 8 million. The addition of
the chord extensions lncreased the lift-curve slope in about the same
proportlon the wing area was increassed and resulted in small increases
in the 1ift coefficient at which large changes in statlc-longltudinal
gtability first occurred. The extension from 0.60 semispan to the tip
reduced the megnitude of these stability changes at high 1lift coefficlents.
Figures 4 through 7 show the effect of the leading-edge extensions on the
longitudinal characteristics of the wing-fuselage combination at Mach
numbers up to 0.92 and at a Reynolds number of 2 miliion.. As was the case
at low speed and high Reynolds number, the extensions generally increased
the lift-curve slopes-at the higher lift coefficlents (fig. 4) and less-
ened the severity of the changes in pitching moment with increasing 1ift
coefficient (fig. 5). At most Mach numbers, the shorter chord extenslon,
from 0.60 semispan to. the tip, 4id not have much effect on the 1ift coef- §
ficient at which these changes occurred; however, the longer extension, .
0.45 semispan to the tip, reduced the 1ift coefficient for instability
at Mach numbers from 0.60 to 0.83. The effect of the leading-edge exten~
slons on the drag and the lift~drag ratios of the comblnation are shown .
in figures 6 and 7, respectively. The extenslons increased drag slightly
at low and moderate. Lift coefficlents, but reduced drag at the higher 11ft
coefficients.

The effect of the leading-edge extension from 0.60 b/2 to the tip
on the longltudinsl characteristics of the combination are compared in
figure 8 with the effect of the best arrangement of fences previously
tegted on this wing and reported in reference 3. Both devices increased
the lift=-curve slopes of the combination at high 1ift coefficlents
(fig. 8(a)). For the wing with leading-edge extensions these increases
were due, at least in._part, to the lncreased wing srea. The addition of
fences improved the stability of the cambination to a much greater degree
then did the leading-edge extension, both in regard to increasing the 1lift
coefficient at which abrupt changes in stability occurred and in reducing
the magnitude of these changes (fig. 8(b)). Drag penalties associated
with the fences at Low and moderate 1lift coefficients usually were slightly
higher than those for the leading-edge extension (fig. 8(c)). Thise is
shown more clearly by the lift-drag retios which are compared in
figure 8(d).

Effects of Mach number.- The effects of Mach number on the 1ift and —
pitching~moment curve slopes at a lift coefficient of 0.4 are shown in _ ..
figure 9 for the wing~fuselage combination with the unmodified wing, the ~
wing with leading-edge chord extensions, and the wing with the best fences
found 1n the investigation reported in reference 3. The 1ift character-
istics of the model with the lesdlng~edge extensions or fences were less -7
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affected by increasing Mach number than those of the combination with the
unmodified wing; however, lncreasing Mach number caused more pronounced
and veried changes in the stabillity of the combination with either leading-
edge extension than for the combination with the unmodified wing or the
wing with fences. TFigure 10 shows the effect of Mach number on the dreg
coefficients of the wing-fuselage cambination for several constant 1ift
coefficients. The Mach numbers for drag divergence (defined as the Mach
mumber at which dCp/dM = 0.10) of the combination were only slightly
affected by the addition of leading-edge extensions or wing fences. These
values of drag-divergence Mach number and the corresponding drag coeffi-
clents are compared with those for the combination with the unmodified
wing In the following tables:

M for drag divergence
C -
T, Leading-edge Leading~edge
Unmodified | extension from | extension from {Wing with
wing 0.45 b/2 to tip|0.60 b/2 to tip| Tences
0.20 0.9L 0.90 0.89 0.90
RiTe .84 .86 .8k .86
.50 82 8k .82 .84
.60 .81 .82 .80 .82
CDdivergence
c Leading-edge Leading-edge
T . ng g-~ecg .
Unmodified | extension from| extension from | Wing with
wing . 10.45 b/2 to tip]0.60 b/2 to tip| fences
0.20 0.0190 0.0185 0.0190 0.0200
.40 .0235 .0238 0232 .0250
.50 .0265 .0292 .0273 .0295
.60 .0330 .0348 .0340 .0365
The effect of Mach number on the maximum lift-drag ratios and the 1ift

coefficients for maximum lift-drag ratio are shown for the various wing
modifications in figure 10.

Effects of Reynolds number .- A comparison of the data of figure 3
with the data in figures 4, 5, and 6 indicates that increasing Reynolds
number from 2 million to 8 million had a large effect on the longitudinal
characteristics of the wing-fuselage combination at a Mach number of 0.25.
It is possible that the test results at higher Mach numbers may have been
affected by the comparatively low Reynolds number (2 million) at which
they were obtained. Caution should be exercised in applying these resgults
to the prediction of the cheracteristics of a full~scale alrplane.
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Wing-Fuselage-Tail Combination

The wing-fuselage-tail comwbination was tested with both leading-edge
eéxtensions ard the results are compared with those for the ummodified com-
bination in figure 11. TFigure 12 shows the effect of the leading~edge
extensions on the pitching=moment contribution of the horizontal tail.
Figures 13 and 14 summarize the effects of the extensions on the longi-
tudinal characteristics of the model and compare these effects with those
of the best arrangement cof fences found in the iInvestigation of refer-
ence 3. The cross plots in figures 13 and 1k are from the deta presented
in figures 11 and 15. Figure 15 shows, for several tell angles of incl-
dence, the longltudinsl characteristics of the model with the lesding-edge
extension from 0.60 semlspan to the tip.

A comparison of the data in figures 8 and 11 shows that the effect
of the extensions on the longitudinal characteristics of the wing-fuselage~
tail combination was generally similar to the effect of the extensions
on the model without the tail. At low speed and up to moderate 1ift coef~
ficients at high speeds the extensions did not significantly affect the
tall contributlion to stability (fig. 12); however, the extensions, except
at a Mach number of 0.80, incressed the 1ift coefficilent at which large
changes in stability first occurred and reduced the magnltude of these
changes at all Mach numbers (fig. 11).

¥

Effects of Mach number.- Flgure 13 shows the varlation with Mach
number of the slopes of the 11ift and pitching-moment curves of the wing~
fuselage~tail combinatlion with the unmodified wing, with chord extensions,
and with the best fences reported in reference 3. The slope of the
pitching-moment curve of the combination with either the chord extension
or the fences appeared to be less affected by increasing Mach number than
the slope for the model with the unmodified wing. The effect of Mach
number on the drag coefficients of the combination with and without the
extension from 0.60 semispan to the tip are shown in figure 1k. Although
the available date for the unmodified wing were meager, the extension had
no apparent effect on the Mach numbers for drag divergence.

Lift-drag-ratio compaerisons.- Figure 16 shows .the variation with Mach
number of the lift-drag ratio, the corresponding tall-incidence angle,
and 11ft coefficlent for a& hypothetical alrplane in level flight at .
40,000 feet. Tail-incidence angles and 1ift-drag ratios are compared for
the sirplane with the ummodified wing of the subject investigation which
used the NACA 64A thickness distribution, this wing with the leading-edge
extension from 0.60 b/2 To the tip and this wing wilth its best fence
arrangement (see ref. 3). Also included in this comparison are data from
the investigation reported in reference 2. The model used in this investi-
gation was slmilar to the model of the subject investigation except that
the wing had the NACA four-digit thickness distribution. The results
shown for this model sre For the best arrangement of fences. It was
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assumed that the airplane had a wing loading of 75 pounds per square foot
and that the center of gravity was at the quarter point of the mean aero-
dynsmic chord of the unmodified wing. It was also assumed that the air-
plane with the unmodified 64A wing trimmed at the same tail-incidence
angles as with the 64A wing with fences. The lift-drag ratios of the
airplane using the 64A wing with the extension from 0.60 semispan to the
tip were equal at subcritical speeds to those of the airplane with the
unmodified 64A wing and were slightly higher than those of the unmodified
alrplane at supercritical speeds; by comparison, the best arrangement of
fences found in the investigation of reference 3 reduced the lift-drag
ratio about 8 percent at Mech numbers from 0.70 to 0.86. It is of interest
to note that at supercritical speeds, the cowbination using the four-digit
wing with fences had higher 1ift=- drag ratios than any of thé 64A configura-
tions. At least part of the lift-drag superiority of the combination
using the 6UA wing with the leading-edge extension or the four-digit wing
with fences was due to the comparatively low tall-incidence angles required
to trim these combinations.

Longitudinal charscteristics of the wing-fuselage-tall combination.-
The combination with the extension from 0.60 semispan to the tip was
tested with a horizontal tail at several angles of iIncidence to determine
the effect of the tail on the longltudinal characterlstics and the effec-
tiveness of the tall as a longitudinal control. The results of these
tests are shown by the 1lift, drag, and pitching-moment data in figure 15.
These data show that at most Mach numbers, the addltion of the tail had
only sumell effect on the 1ift and drag of the combination. The 1ift coef-
ficlents at which large changes in longitudinal stability first occurred
were usually slightly larger with the tail than without it.

The factors which determine the talil contributlon to the stabllity
are shown In filgure 17 as a function of angle of attack for several test
conditions. The method used to calculate the effective downwash angle
€, the tail efficlency factor mn4(qy/q), and the ratio of the lift-curve
slope for the isoclated tall to the lift-curve slope of the wing-fuselage
combination &a/e.,y was the same as that described in reference 2. The
results of these calculations show that the reductions in pitching-moment
variations at moderate 1ift coefficients with the tall on were mostly-due
to an increase in the factor atfay;t Wwith increasing lift coefficient,
in & wanner which offset the reduction in stability of the wing-fuselage
combination. This was true at most Mach numbers. At the higher 1ift
coefficients and at a Reynolds number of 2 million, the rate of change
of downwash wlth angle of attack and the tail efficilency factors were
usually higher for the coubination with the unmodified wing than for the
combination with the extension. Figure 18 shows the variation with Mach "
number of the tail control effectiveness parameter 3Cm/dit and the” ,
fectors affecting the stabllity contribution of the horizontal tail. Tail
control effectiveness increased moderately with increasing Mach number
and was slightly larger for the model with the unmodified wing than for
the model with the leading-edge extension.
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A wind~tunnel investigation has been made of a wing-fuselage and &’
wing=fuselage-tail combination having leading-edge extensions on a Lo°
sweptback wing. The unmcdified wing had an agpect ratio of 7.0 and NACA
644 thicknéss distribution.” The following comclusions were indicated:

1. The addition of a leading-edge extension from 0.60 semlspan to
the wing tip eliminated large changes in longitudinal stebility of the
wing~fuselage-tail combination up to 1lift coefficients in excesa of 1.0’
at low speeds and resulted in slight increases In the 1lift coefficilents
at which large changes in gtabillty occurred at high subcritical and
gupercritical speeds. In this regard, the chord extension was not so
effective as the best comblnation of w1ng fences prev1ously tested on
the wmg . - P . ——— e —— L — - _ __

2. The chord extension di1d not decrease the trim lift-drag ratios—
of the wing-~fuselage-tail combilination at high subcritical speeds and
increased them slightly at supercritical speeds, whereas the fences caused
about an 8-percent’ decrease in lift-drag ratioc at Mach numbers from 0.70
to 0.86. As was the case with the wing fences, addition of the chord
extension had only small effect .on the Mach numbers for drag divergence.

3. The leadlng-edge extenslons had little effect on the tail contri-
bution to stability at low speed and at moderate lift coefficients at
high speed.

Ames Aeronautlcal L&bsratory _
National Advisory Commlttee for Aeronautics
Moffett Field, Calif., Sept. 29, 1955
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TABLE T.~ FUSELAGE COORDINATES

NACA RM A55I29

Distence from nose, | Radius, | Distance from nose, | Radius,
in. in. in. in.
0 0 60,00 5.00
1.27 1.04 70.00 5.00
2.54 1.57 76.00 L.96
5.08 2.35 82.00 4.83

10.16 3.36 88.00 L.6L
20.31 b il 94.00 Y. o7
30.47 4 .90 100.00 3.77
39. 4k 5.00 106.00 3.03
50,00 5.00 126.00 0

TABLE XII.- CORRECTIONS TO DATA .

(a) Corrections for constriction effects

Corrected Uncorrected Qeorrected
Mach number | Mach number | Yyncorrected
0.25 0.250 1.003
.60 539 1.006
70 696 1.007
.80 793 1.G10
.83 .821 1.012
.86 .848 1,015
.88 866 1.017
<G50 .883 1.020
.92 .899 1.02k

(b) Corrections for tumnel-wall interference

N = 0.455CT,
ACp = 0.00662Ct?

20minsq orr = F1lliair ofe

Mmtg11l on = KiCliass off.'.[(KECLtail ors = )

M Ky Ko
0.250.0027]0.72
60| .0038| .Th
.70| .0043| .76
80| .00hk9{ .79
.831 .0050{ .80
861 0053 .83
.88 .oo54| .8k
90| .0056| .86
92| .0057| .8

on |
d1¢
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See figure I}
for details of leading-

— N —"

Notes:

() Unmodified wing sections perpendicular
to the sweep axis have NACA 64A
thickness distributions combined with
an NACA a=0.8 {(modified) mean line, =04

{2} Horizontal—-taii sections perpendicular
to the sweep axis have NACA 0OI0
thickness distributions.

{3) All dimensions in inches.

16.56 A =

/ 1042

:{E’ .

I 1042 ot
See tabls I for
fuselage coordinafes/ rz-“ Hinge oxis

126.00

Leading-edge extension from 0.60%
(a) Dimensions.

Figure 1.~ Geometry of the model.
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s c]‘_ - o' ‘»'

|-<—.52 c'—>

The mean line 'for the leading-edge extension
(a= 0.8, C,= 0.31) fairs into the original mean
line (a= 08 ¢,=0.4) at the point of zero slope.

Mean-line modification

Profiles for the leading-edge extensions fair into
the original wing ot approximately 40 percent of
the original chord and are similar to the forward
portion of the original section except for reduced
thickness ratio and leading-edge radii.

P‘\_ - == -

—.15 c'LOriginal leading edge

Typical modified section
(bj Details of leasding-edge extension.

Figure 1.- Continued.
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Thickness ratio, ¥¢'

-
N

0 i 2 3 4 S 6 N 4 8 ° 8

Fraction of semispan, 9
(¢) Distribution of twist and thickness ratio.

Figure 1.~ Concluded.
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Figure 2.~ Photographs of the model.
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@  Unmodified wing
B Lsading-edge extension from 0.46%
¢ leading-edge extension from 060b,
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Figure 3.~ The effect of leading-edge extensione on the longitudinal characteristics of the
wing~fuselage combination; M = 0.25, R = 8,000,000.
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" Unflogged symbols: Unmodified wing
2 Flogged symboks: Lending-edge exlension from 0.45 b,
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(a) Leading-edge extension from 0.L5 b/2 to tip.

Figure 4.~ The effect of leading-edge extensions on the 1ift characteristics of the wing-fuselage
combination at several Mach mumbers; R = 2,000,000.
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Figure 4.~ Goncluded.
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(a) Leading-edge extension from 0.45 b/2 to tip.

Flgure 5.- The effect of leading~edge extensions on the pitching-mcment characteristics of the
wing-fuselage combination at several Mach numbers; R = 2,000,000,
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(b) Leading-edge extension from 0.60 b/2 to tip.

Figure 5.~ Concluded.
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(a) Leading-edge extension from 0.45 b/2 to tip.

Figure 6.- The effect of leading-edge extensiong on the drsg characteristice of the wing-fuselage
combination at several Mach numbers; R = 2,000,000,
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(b) Leading-edge extension from 0.60 b/2 to tip.

Figure 6.~ Concluded.
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® Unmodified wing
36 & Leading-edge extension from 0.45%
@ Leading-edge extension from 0.60
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Figure T.~ The effect of leading-edge extensions on the lift~dreg ratlos of the wing-fuselage
cambination at several Mach nmumbers.
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Figure 8.~ Comparison of the effect of a leading~edge extension and wing fences on the
longitudinal cheracteristics of the wing-fuselage combination.
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(b) Pitching moment.

Figure 8.- Continued.
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Flgure 9.~ The varilation with Mach number of the slopes of the 1ift and
pltching-moment curves of the wilng-fuselage combination wilth and without
leading-edge extensions and wing fences; Cr, = 0.40, R = 2,000,000,
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Figure 10.~ The variation with Mach number of the drag coefficients and
the maximum lift-drag ratios of the wing-fuselage cowbination with
and without leading-edge extensions and wing fences; R = 2,000,000.
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(a) Lift.

Figure 1l.~ The effect of leading~edge extensions on the longitudinal characteristics of the
wing-fuselege~tail combination; iy = =8°,
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Figure 11.~ Continued.
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Figure 12.~ The effect of leasding-edge extensions on theopitching-moment conbribution of the
horizontal tall; 1y = =G~

6STGEY W VOV

43



36 I NACA RM A55I29

@ Unmodified wing
' —— Leading-edge extension from 0.60 % i H
—— Fences at 033, .50,.70,.85 Y2 (ref. 3) daLiTa
a2 s
10 4 Sspsaiaainisit
=) HECEINGEY
o8 T
Oyt f 4§ giichiscditdilsdazgt
06 i b :
| I
04 _; _f
02 HIEEHTE
. EFEF
o e
-04 e HHE
-03 H
dCm
dG_ i HEH
02 : FEEECEELLE S
ﬂ- EESimEania e e 1333770038
-0l R saictd RSt aiit
o} 3 2 3 A 5 ) 7 8 9 o)
' M

Figure 13.- The variation with Mach number of the Llift and piteching-
moment curve slopes of the wing~fuselage=~taill cowbination with and
without a leading edge extenslon and wing fences; 1y = ~8° R
Cr, = 0.40, R = 2,000,000, '
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Figure 1k.- The variation with Mach number of the drag coefficients of
the Wing-ﬁmelage-gail combination with and without a leadlng-edge
extension; iy = -8, R = 2,000,000.
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Flgure 15.~ The longitudinal characteristics of the combination with a leading-edge extemsion
from 0.60 semispan to the wing tip and a horlzontal tail.
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